Abstract. Within the framework of X-ray laser research using the recombination of heliumlike ions with free electrons to produce lithiumlike ions in expanding and m l i n g hot plasmas, we present a u t of spectrmpic data required to achieve a modelling of the excited-states populations. Estimates of radiation gain for 3-4, 3-5 and 4-5 transitions Of lithium like ions, according to the pletsma temperature-and dens~ty-conditions, are also presented.
During the cooling phase of a laser-produced plasma, the recombination of He-like ions with free electrons producing Li-like ions is mainly achieved by two ways: the radiative recombination to the low-lying levels, essentially those of the ls22s and ls22p configurations, and the (three-body) collisional recombination to the highly excited l$nlJ Rydberg levels. At the same time, radiativeand collisionally-induced transitions between all the levels occur. In this complex pracess, transient population inversions appear between n=3, n=4, and n=5 levels of Li-like ions. Both observed and predicted results have been reported (sea for example ref./l / and references i n it). The wavelengths of the Corresponding transitions, such as 3d-4f, 3d-Sf, or 4f-59, are situated in the X-UV range for the elements considered i n this work.
The story of the population densities of the different iontc levels, i n the plasma, can be estimated using a collisional-radiative model /2/ coupled with a simulation of the plasma hydrodynamics /3/. A lot of atomic data are required for this : wavelengths, radiative transitions probabilities, collisionai rates, ionisation and recombination coefficients.
In this work, we present the fnost recent results that we have obtained i n this way. In addition, we compare the evolution through the isoelectronic series with hydrogenic scaling laws. Actually, apart from the autoionising levels which are not concerned here, the lithiumlike states present some features which correspond to hydrogenic systems but two principal differencesmur : the levels of a same configuration are separated not only by the relativistic interactions (mainly spin-orbit) but also by the Coulomb interactions between the electrons, and the n principal quantum number sequence begins at n = 2, the corresponding "ground" level being rendered inaccessible by the presence of the closed K shell. Table I shows wavelengths and transition probabilities for radiative spontaneous emission i n the X-UV range from n = 5 to n = 3, n = 4 to n = 3, and n = 5 to n = 4 between the ls2nlj levels of the C114+, K16+, ca17+ and Ti19+ ions. Analogous data for AI10+ and S13+ are reported in ref. /2/. In Table I , the wavelengths are presented in the increasing order for Kl6+. This introduces a few inversions in the lists of the other ions.
In Tables II and I The population densities of the excited levels of Li-like ions are calculated by the method already used in previous works /1,2/. Plasma density and temperature, and ionic fractions, can be taken as parameters or given by a hydrWnamics simulation ade. Ni being the population density of the level i, the reduced population is N i /~ and the density of inversion between an upper level u and a lower level 1 is Anul = Nu/$ -Nl/gl . The values of the inversion densities are provided by the collisional-radiative model. In case of positive inversion density, a gain G (>O) of radiation is obtained at the wavelength of the corresponding transition. Expressing the inversion density An i n cm-3, the product kT (where T is the temperature) in eV, the line strength S in atomic unit, and the with the collisional-radiative model for All0+ predicts that a plasn~a produced by a Nd-glass-laser Gaussian pulse of 2.55~1012 ~/ c m 2 (Zns duration) gives a maximum gain of 0.6 cm-1 for the 3d-5f line at 105.8 A, of 2 cm-1 for the 3d-4f line at 154.8 A, and of 6.5 cm-1 for the 4f-5g Hne at 334.7 A. This can be cumpared with experimental results of Carillon et a1. / 7 / . They have observeda gain of 0.8 cm-1 for the 3d-Sf line and 1.5 cm-1 for the 3d-4f line. However, i t must be noted that the calculated maximum gains m u r farther from the initial target position, and later after the laser pulse, than observed. This is due to the fact that the simulation does not reproduce faithfully the plasma global recombination ( ihe hydroWnemics code i s weil suited for hot and dense regions of the plasma but not so well otherwise, and the atomic model must also be improved for low-temperature and-density conditions). If t.his i s not too critical for the aluminium case, i t becomes definitely worse for the sulphur. Indeed, a similar work has been undertaken on sulphur. The input laser intensity has been increased to 5.25~1012 ~/ c m 2 to account for the higher ionisation potentials, but the results of the complete simulation appear deceiving : all predicted wins fall down dramatically unless the simulation be extended beyond reaNstic limits of duration and distance from the initial target positton. Nevertheless, starting with A1 lo+ results and considering simple Z-scaling laws leads to predicted values for S13+ which seem i n reasonable agreement with experiment /8/. We are thence now working to improve our models for the next applications.
